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(7) ABSTRACT

In a solid state image sensor, tranfer electrodes are formed
by selectively etch-removing a single layer of conducting
electrode material at a plurality of first regions which divide
the single layer of conducting electrode material in a row
direction for each one pixel. A patterned mask is formed to
cover the first regions and the single layer of conducting
electrode material but to expose the single layer of conduct-
ing electrode material at a second region above each of the
photoelectric conversion sections, and the single layer of
conducting electrode material is selectively etch-removed
using the patterned mask as a mask. Thereafter, a first
conductivity type impurity and a second conductivity type
impurity are ion-implanted using the patterned mask and the
single layer of conducting electrode material as a mask, to
form the photoelectric conversion section at the second
region.

7 Claims, 18 Drawing Sheets
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SOLID STATE IMAGE SENSOR AND
METHOD FOR FABRICATING THE SAME

This is a divisional of U.S. patent application Ser. No.
09/467,604, filed Dec. 20, 1999 now U.S. Pat. No. 6,452,243
in the name of Keisuke HATANO and Yasutaka
NAKASHIBA and claims priority under U.S.C. §119 to
Japanese Application No. 10-360134, filed Dec. 18, 1998.

BACKGROUND OF THE INVENTION

The present invention relates to a solid state image sensor
and a method for fabricating the same, and more specifically
to a solid state image sensor having a charge transfer
electrode formed by patterning a single-layer conducting
electrode material film.

In the prior art, this type of solid state image sensor
includes a solid state image sensor having a photoelectric
conversion section formed of a buried photodiode, as shown
in FIGS. 1A to 1D, which are diagrammatic sectional views
for illustrating a process for fabricating the prior art solid
state image sensor.

First, after a first P-type well 32 and second P-type wells
33 are formed on an N-type semiconductor substrate 31 by
means of a thermal diffusion, phosphorus is ion-implanted to
form a vertical charge transfer section 34. Thereafter, boron
is ion-implanted to form a channel stopper region 36 and an
electric charge reading region 35, as shown in FIG. 1A.

A surface of the substrate 31 thus formed is thermally
oxidized to form a gate oxide film 37, and a charge transfer
electrode material film 38 is deposited on the gate oxide film
37 by means of a low pressure CVD (chemical vapor
deposition). Thereafter, a patterned photo resist layer 39 is
formed for formation of a reading electrode, as shown in
FIG. 1B.

A dry etching is carried out by using the photo resist 39
as a mask, to form a charge transfer electrode 40. Phospho-
rus ions (P*) are ion-implanted in self-alignment manner
using the charge transfer electrode 40 covered with the photo
resist 39, as a mask, so as to form an N-well 41, which
becomes a photodiode, as shown in FIG. 1C. At this time,
the photo resist 39 has a thickness of about 3 um enough to
prevent the phosphorus ions from passing through the photo
resist 39.

Thereafter, in order to form a buried photodiode, the
photo resist 39 is removed, and then, boron ions (B*) are
ion-implanted using the charge transfer electrode 40 as a
mask, to form a P* region 42, as shown in FIG. 1D.

FIGS. 1A to 1D show the sectional views of the device in
the course of fabricating the solid state image sensor. A
layout pattern of the electrodes in a plan view becomes as
shown in FIG. 2. Asectional view taken along the line B—B
in FIG. 2 corresponds to the sectional view of FIGS. 1A to
1D. The layout pattern shown in FIG. 2 is disclosed in
Japanese Patent Application Pre-examination Publication
No. JP-A-08-293592, (an English abstract of JP-A-08-
293592 is available from the Japanese Patent Office and the
content of the English abstract of JP-A-08-293592 is incor-
porated by reference in its entirety into this application).

The transfer electrode is constituted of a plurality of
polysilicon layers (two layers in the example shown in FIG.
2). The transfer electrode includes a first layer electric
transfer electrode 52 and a second electric transfer electrode
53 in the form of a comb having each projection positioned
on one vertical charge transfer section 51, the first layer
electric transfer electrode 52 and the second electric transfer
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electrode 53 being located to face to each other in a plan
view in such a manner that each projection of the first layer
electric transfer electrode 52 overlaps on a tip end of a
corresponding projection of the second electric transfer
electrode 53.

Incidentally, the solid state image sensor show in FIG. 2
has such an arrangement that two electrodes are located
adjacent to each other for each one photo electric conversion
section 54. In this construction, it is not possible to simul-
taneously read out a signal electric charge from all the photo
electric conversion sections 54.

In order to simultaneously read out the signal electric
charge from all the one photo electric conversion sections
54, it is necessary to arrange three electrodes adjacent to
each other for each one photo electric conversion section 54.
For example, the arrangement as shown in FIG. 3 is adopted.
In the example shown in FIG. 3, the transfer electrode
includes three layers of conducting electrode material film,
namely, a first layer electric transfer electrode 62, a second
layer electric transfer electrode 63 and a third layer electric
transfer electrode 64. A sectional view taken along the line
C—<C in FIG. 3 corresponds to the sectional view of FIGS.
1A to 1D.

In the above mentioned prior art solid state image sensor,
since the charge transfer electrode is constituted of a plu-
rality of layers of conducting electrode material film, it is
necessary to form a relatively thin interlayer film in order to
ensure a sufficient insulation between the plurality of layers
of electrode, with the result that a height of the device
become high, and therefore, it becomes difficult to work. In
addition, the step coverage of a light blocking or shielding
film lowers, and a smear property is deteriorated.

In order to overcome the above mentioned problem, it
may be considered to constitute the charge transfer electrode
by a single-layer conducting electrode material film. In this
case, in order to stabilize a reading characteristic for reading
a signal charge from the photoelectric conversion section to
the vertical charge transfer section, it is necessary to con-
sider the plan pattern of the electrodes to form the photo-
electric conversion section in self alignment to the vertical
charge transfer electrode, so that when the ion-implantation
is carried out for forming the photoelectric conversion
section, an ion will never be implanted into a gap region
between the electrodes.

BRIEF SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a solid state image sensor and a method for fabri-
cating the same, which have overcome the above mentioned
problem of the prior art.

Another object of the present invention is to provide a
solid state image sensor and a method for fabricating the
same, capable of preventing a positional deviation between
the photoelectric conversion section and the vertical charge
transfer electrode, thereby to stabilize a reading character-
istic for reading a signal charge from the photoelectric
conversion section to the vertical charge transfer section.

The above and other objects of the present invention are
achieved in accordance with the present invention by a solid
state image sensor comprising a plurality of photoelectric
conversion sections formed at a surface region of a first
conductivity type semiconductor layer, a charge transfer
section of a second conductivity opposite to that of the first
conductivity type semiconductor layer the charge transfer
section being formed in the surface region of the first
conductivity type semiconductor layer, adjacent to the pho-
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toelectric conversion sections, to transfer a signal charge
along the charge transfer section, a plurality of charge
reading sections each formed in the surface region of the first
conductivity type semiconductor layer, between a corre-
sponding one of the photoelectric conversion sections and
the charge transfer section, for reading out a signal charge
generated in the corresponding photoelectric conversion
section, to the charge transfer section, and tranfer electrodes
formed of a single layer of conducting electrode material to
cover through a gate insulator film the charge reading
sections and the charge transfer section, wherein the tranfer
electrodes arc formed by selectively etch-removing the
single layer of conducting electrode material at a plurality of
first regions which divide the single layer of conducting
electrode material in a row direction for each one pixel, and
at a second region positioned above each of the photoelectric
conversion sections, the first regions and the second region
being not overlapped to each other.

According to another aspect of the present invention,
there is provided a method for fabricating a solid state image
sensor which comprises a plurality of photoelectric conver-
sion sections formed at a surface region of a first conduc-
tivity type semiconductor layer, a charge transfer section of
a second conductivity opposite to that of the first conduc-
tivity type semiconductor layer, the charge transfer section
being formed in the surface region of the first conductivity
type semiconductor layer, adjacent to the photoelectric con-
version sections, to transfer a signal charge along the charge
transfer section, a plurality of charge reading sections each
formed in the surface region of the first conductivity type
semiconductor layer, between a corresponding one of the
photoelectric conversion sections and the charge transfer
section, for reading out a signal charge generated in the
corresponding photoelectric conversion section, to the
charge transfer section, and tranfer electrodes formed of a
single layer of conducting electrode material to cover
through a gate insulator film the charge reading sections and
the charge transfer section, the method including the steps
of;

forming the single layer of conducting electrode material
through the gate insulator film on a surface of the first
conductivity type semiconductor layer;

etch-patterning the single layer of conducting electrode
material for dividing the single layer of conducting electrode
material in a row direction at a plurality of first regions;

forming a patterned mask to cover the first regions and the
single layer of conducting electrode material but to expose
the single layer of conducting electrode material at a second
region above each of the photoelectric conversion sections;

selectively etch-removing the single layer of conducting
electrode material using the patterned mask as a mask; and
removing the patterned mask.

In other words, the solid state image sensor in accordance
with the present invention comprises the plurality of pho-
toelectric conversion sections formed at the surface region
of the first conductivity type semiconductor layer, the charge
transfer section of the second conductivity opposite to that
of the first conductivity type semiconductor layer, the charge
transfer section being formed in the surface region of the
first conductivity type semiconductor layer, adjacent to the
photoelectric conversion sections, to transfer the signal
charge along the charge transfer section, the plurality of
charge reading sections each formed in the surface region of
the first conductivity type semiconductor layer, between the
corresponding one of the photoelectric conversion sections
and the charge transfer section, for reading out the signal
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charge generated in the corresponding photoelectric conver-
sion section, to the charge transfer section, and tranfer
electrodes formed by patterning the single layer of conduct-
ing electrode material formed to cover through the gate
insulator film the charge reading sections and the charge
transfer section.

In the solid state image sensor in accordance with the
present invention, the tranfer electrodes are formed by
selectively etch-removing the single layer of conducting
electrode material at the plurality of first regions which
divide the single layer of conducting electrode material in
the row direction for each one pixel, and at the second region
positioned above each of the photoelectric conversion
sections, the first regions and the second region being not
overlapped to each other.

Preferably, the photoelectric conversion sections are
formed in a self alignment with the second regions where the
single layer of conducting electrode material has been
selectively removed from a position above each of the
photoelectric conversion sections.

The tranfer electrodes are applied with charge transferring
pulses which have different timings, respectively.

In addition, a gate electrode in a peripheral circuit of the
solid state image sensor is formed by etch-patterning the
single layer of conducting electrode material so that the gate
electrode in the peripheral circuit is formed in the same
etching process as the second region is formed by selectively
removing the single layer of conducting electrode material
from a position above each of the photoelectric conversion
sections.

Furthermore, the solid state image sensor in accordance
with the present invention further includes a peripheral
circuit including a first transistor having a gate insulator film
of the same film thickness as that of the gate insulator film
in the charge transfer section, and a second transistor having
a gate insulator film of a film thickness thinner than as that
of the gate insulator film of the first transistor, and a gate
electrode of the first and second transistors in the peripheral
circuit is formed by etch-patterning the single layer of
conducting electrode material.

For example, the gate electrode of the second transistor is
formed at the same etching process as the single layer of
conducting electrode material is etch-removed at the first
regions, and the gate electrode of the first transistor is
formed at the same etching process as the single layer of
conducting electrode material is etch-removed the second
region.

As mentioned above, the method in accordance with the
present invention for fabricating the solid state image sensor
comprises the steps of forming the single layer of conduct-
ing electrode material through the gate insulator film on the
surface of the first conductivity type semiconductor layer,
etch-patterning the single layer of conducting electrode
material for dividing the single layer of conducting electrode
material in the row direction at the plurality of first regions,
forming the patterned mask to cover the first regions and the
single layer of conducting electrode material but to expose
the single layer of conducting electrode material at the
second region above each of the photoelectric conversion
sections, selectively etch-removing the single layer of con-
ducting electrode material using the patterned mask as the
mask, and removing the patterned mask.

With this method, it is possible to fabricate the solid state
image sensor which comprises the plurality of photoelectric
conversion sections formed at the surface region of the first
conductivity type semiconductor layer, the charge transfer
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section of the second conductivity opposite to that of the first
conductivity type semiconductor layer, the charge transfer
section being formed in the surface region of the first
conductivity type semiconductor layer, adjacent to the pho-
toelectric conversion sections, to transfer the signal charge
along the charge transfer section, the plurality of charge
reading sections each formed in the surface region of the first
conductivity type semiconductor layer, between the corre-
sponding one of the photoelectric conversion sections and
the charge transfer section, for reading out the signal charge
generated in the corresponding photoelectric conversion
section, to the charge transfer section, and tranfer electrodes
formed by patterning the single layer of conducting elec-
trode material formed to cover through the gate insulator
film the charge reading sections and the charge transfer
section.

In the method in accordance with the present invention for
fabricating the solid state image sensor, after the single layer
of conducting electrode material is selectively etch-removed
using the patterned mask as the mask, a first conductivity
type impurity and a second conductivity type impurity are
ion-implanted using the patterned mask and the single layer
of conducting electrode material, or only the single layer of
conducting electrode material as a mask, to form the pho-
toelectric conversion section.

Alternatively, after the single layer of conducting elec-
trode material is selectively etch-removed using the pat-
terned mask as the mask, a second conductivity type impu-
rity is ion-implanted using the patterned mask and the single
layer of conducting electrode material, or only the single
layer of conducting electrode material as a mask, and a first
conductivity type impurity is ion-implanted into a surface
region of the second conductivity type impurity region in a
self alignment, using the charge transfer electrodes as a
mask.

Furthermore, the second conductivity type impurity can
be ion-implanted from an inclined direction, so that the
second conductivity type impurity region is formed to
extend under the charge transfer electrode, but in a self
alignment with but separately from a transfer electrode end
of the charge reading section.

In addition, the first conductivity type impurity can be
ion-implanted from an inclined direction, so that the first
conductivity type impurity region is formed in a self align-
ment with but separately from a transfer electrode end of the
charge reading section.

As seen from the above, according to the present
invention, the charge transfer electrodes are formed by
etch-patterning the single layer of conducting electrode
material, which dividing an etch-removed region into a
plurality of first regions which divide the single layer of
conducting electrode material into a plurality of electrodes
in a row direction, and a second region positioned at the
photoelectric conversion section. After the second region is
etch-removed, an impurity is implanted using the remaining
electrodes as a mask to form for example an N-well which
becomes the photoelectric conversion section. Therefore, the
photoelectric conversion section and the signal charge read-
ing electrode can be formed with no positional deviation
therebetween, so that it becomes possible to stabilize a
reading characteristics for reading a signal charge from the
photoelectric conversion section to the vertical charge trans-
fer section.

Thus, in the solid state image sensor having the charge
transfer electrode of the single-layer structure in accordance
with the present invention, the charge transfer electrode
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material film is deposited on the whole surface of the device,
and then patterned into the charge transfer electrodes are
separated from one another by the grooved separation
regions, for each one pixel. Therefore, the opening for
forming the photoelectric conversion section is formed in
the charge transfer electrode, of the charge transfer
electrodes, which also functions as a signal charge reading
electrode for reading a signal charge from the photoelectric
conversion section to the vertical charge transfer section,
without overlapping with the grooved separation regions.
Furthermore, the ions are implanted using the photo resist
used for forming the opening and the charge transfer elec-
trodes as a mask. Thus, the photoelectric conversion section
and the signal charge reading electrode can be formed with
no positional deviation therebetween, so that it becomes
possible to stabilize a reading characteristic for reading a
signal charge from the photoelectric conversion section to
the vertical charge transfer section.

The above and other objects, features and advantages of
the present invention will be apparent from the following
description of preferred embodiments of the invention with
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1D are diagrammatic section view of the
prior art solid state image sensor having a photoelectric
conversion section formed of a buried photodiode;

FIG. 2 is a diagrammatic plan view illustrating the layout
pattern of the two-layer charge transfer electrode in the prior
art solid state image sensor;

FIG. 3 is a diagrammatic plan view illustrating the layout
pattern of the three-layer charge transfer electrode in the
prior art solid state image sensor;

FIG. 4 is a diagrammatic plan view of a first embodiment
of the solid state image sensor in accordance with the present
invention;

FIGS. 5A to SE are diagrammatic section views taken
along the line A—A in FIG. 4, for illustrating an embodi-
ment of the method for fabricating the solid state image
sensor;

FIGS. 6A to 6D are diagrammatic plan views of the first
embodiment of the solid state image sensor, for illustrating
the method for fabricating the solid state image sensor;

FIG. 7 is a timing chart illustrating charge transferring
pulses applied to the first embodiment of the solid state
image sensor in accordance with the present invention;

FIG. 8 is a plan view of a second embodiment of the solid
state image sensor in accordance with the present invention;

FIG. 9 is a diagrammatic section view of a third embodi-
ment of the solid state image sensor in accordance with the
present invention;

FIG. 10 is a diagrammatic section view of a fourth
embodiment of the solid state image sensor in accordance
with the present invention;

FIGS. 11A to 11G are diagrammatic section views for
illustrating the method for fabricating a fifth embodiment of
the solid state image sensor in accordance with the present
invention; and

FIGS. 12A to 12G are diagrammatic section views for
illustrating the method for fabricating a sixth embodiment of
the solid state image sensor in accordance with the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

Now, embodiments of the present invention will be
described with reference to the drawings.
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Referring to FIG. 4, there is shown a diagrammatic plan
view of a first embodiment of the solid state image sensor in
accordance with the present invention, which includes a
photoelectric conversion section formed of a buried photo-
diode.

In the embodiment of the solid state image sensor in
accordance with the present invention, a charge transfer
electrode is constituted of a single-layer polysilicon. The
solid state image sensor in accordance with the present
invention is characterized in that when an etching is carried
out for patterning a charge transfer electrode 1, an etching
region is divided into grooved separation regions 4 for
dividing the charge transfer electrode in a row direction, and
regions each located on a photoelectric conversion section 3.
After the etching is carried out in the regions each located on
the photoelectric conversion section 3, phosphorous is ion-
implanted to form an N-well which becomes the photoelec-
tric conversion section 3, so that the charge reading elec-
trodes and the photoelectric conversion sections 3 are
formed in a self-alignment. Incidentally, a light blocking or
shielding metal film for preventing incidence of the light to
a vertical charge transfer section 2, is omitted for simplifi-
cation of the drawing. In FIG. 4, in addition, reference signs
¢1 to ¢4 indicate individual electrodes of charge transfer
electrode, respectively.

Now, an embodiment of the method for fabricating the
first embodiment of the solid state image sensor will be
described with reference to FIGS. SA to SE which are
diagrammatic section views taken along the line A—A in
FIG. 4, for illustrating an embodiment of the method for
fabricating the first embodiment of the solid state image
sensor, and FIGS. 6A to 6D which are diagrammatic plan
views of the solid state image sensor, for illustrating the
method for fabricating the first embodiment of the solid state
image sensor. The section view taken along the line A—A in
FIG. 4 is a section crossing a charge transfer electrode 18
which also functions as a signal charge reading electrode for
reading a signal charge from the photoelectric conversion
section 3 to the vertical charge transfer section 2.

First, after a first P-type well 6 and second P-type wells
7 are formed on an N-type semiconductor substrate 5 by
means of a thermal diffusion, phosphorus is ion-implanted to
form the (N-type) vertical charge transfer section 2.
Thereafter, boron is ion-implanted to form a channel stopper
region 9 and an electric charge reading region 8 for reading
a signal generated in the photoelectric conversion section 3
to the vertical charge transfer section 2, as shown in FIG.
5A.

FIG. 6A corresponds to FIG. SA. As shown in FIG. 6A,
the channel stopper region 9 is formed to separate the
photoelectric conversion section 3 and the vertical charge
transfer section 2 from each other.

A surface of the substrate 5 thus formed is thermally of
oxidized to form a gate oxide film 10, and a charge transfer
electrode material film 11 formed of polysilicon, is depos-
ited on the gate oxide film 10 by means of a low pressure
CVD (chemical vapor deposition), as shown in FIG. 5B. At
this time, the plan pattern becomes as shown FIG. 6B.

Thereafter, the charge transfer electrode material film 11
is patterned to form a charge transfer electrode 1 divided by
grooved separation regions 4. The plan pattern obtained at
this time becomes as shown FIG. 6C. In this embodiment, it
is intended to realize a solid state image sensor capable of
simultaneously reading out from all pixels. For this purpose,
as shown in FIG. 6C, four charge transfer electrodes are
provided adjacent to each other, for each one pixel (namely,
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each one photoelectric conversion section 3). Therefore,
four grooved separation regions 4 for dividing, in the row
direction, the polysilicon film 11 which becomes the charge
transfer electrode 1, are provided for each one pixel.

A patterned photo resist 13 is formed on the charge
transfer electrode 18 which also functions as the signal
charge reading electrode, and by means of a dry etching
using the patterned photo resist 13 as a mask, an opening 12
is formed through the charge transfer electrode 18 which
also functions as the signal charge reading electrode, at a
position above the photoelectric conversion section 3.

Furthermore, phosphorus ions (P*) are ion-implanted
using the patterned photo resist 13 and the charge transfer
electrode 1, as a mask, so as to form an N-well 14, which
becomes the photoelectric conversion section 3, as shown in
FIG. 5C. At this time, the plan pattern becomes as shown
FIG. 6D. In addition, the photo resist 13 has a thickness of
about 3 um enough to prevent the phosphorus ions from
passing through the photo resist 13.

Thereafter, in order to form a buried photodiode, boron
ions (B¥) are ion-implanted using the photo resist 13 and the
charge transfer electrode 1 as a mask, to form a P* region 15,
as shown in FIG. 5D.

Furthermore, an interlayer insulator film 16 is formed and
a light blocking or shielding metal film 17 is formed on the
interlayer insulator film 16 to cover a region other than the
photoelectric conversion section 3, as shown in FIG. SE.
Thus, the first embodiment of the solid state image sensor in
accordance with the present invention is obtained.

In the first embodiment of the solid state image sensor in
accordance with the present invention, when the single layer
11 of conducting electrode material film is etch-patterned to
form the charge transfer electrode 1 including the charge
transfer electrode 18 which also functions as the signal
charge reading electrode, the region to be etch-removed is
divided into two regions, namely, the first regions 4 for
dividing the charge transfer electrode 1 in the row direction,
and a second region positioned on the photoelectric conver-
sion section 3, so that after the second region is etch-remove,
the phosphorous ions (P*) are ion-implanted to form the
N-well 14, which becomes the photoelectric conversion
section 3. With this procedure, it is possible to prevent a
positional deviation between the photoelectric conversion
section 3 and the charge transfer electrode, thereby to
stabilize a reading characteristic for reading a signal charge
from the photoelectric conversion section 3 to the vertical
charge transfer section 2.

Furthermore, since the grooved first regions 4 for dividing
the charge transfer electrode 1 in the row direction, are
etched prior to the etching for forming the opening 12, a
photolithography can be carried out in a condition that the
charge transfer electrode material film 11 has a good planar
property, with the result that fine regions can be patterned
with a high degree of precision.

Furthermore, since the grooved first regions 4 for dividing
the charge transfer electrode 1 which occupies a large area
in a wafer surface, in the row direction, are etched prior to
the etching for forming the opening 12, a charge-up amount
of the charge transfer electrode material film 11 attributable
to an antenna effect at an etching time is reduced, so that it
is possible to reduce a damage to the gate oxide film 10. In
this case, the fact that the area of the remaining charge
transfer electrode material film 11 is small, means that the
antenna effect, namely, a portion acting as a charge collect-
ing means, is reduced.

Moreover, since the charge transfer electrode 1 is formed
by etch-patterning the single layer of conducting electrode
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material film (charge transfer electrode material film 11), no
overlapping exists between electrodes, with the result that
there is no problem in connection with an interlayer insu-
lation between electrodes, and therefore, an interlayer
capacitance is small.

Referring to FIG. 7, there is shown a timing charge
illustrating charge transferring pulses applied to the first
embodiment of the solid state image sensor in accordance
with the present invention. In FIG. 7, ¢1 to ¢4, indicate
charge transferring pulses applied to the individual elec-
trodes ¢1 to ¢4, respectively. In this embodiment, charge
transferring pulses which are different in phase by each 90
degrees, are supplied to the individual electrodes ¢1 to ¢4 of
the charge transfer electrode 1, so that an electric potential
under the individual electrodes ¢1 to ¢4 are changed to
transfer the signal charge in the vertical direction.

In this process, the signal charge is transferred and
accumulated under the transfer electrode applied with a high
level voltage VH, from under the transfer electrode applied
with a low level voltage VL. Therefore, as seen from FIG.
7, adjacent individual electrodes ¢1 to ¢4 formed of the
single-layer charge transfer electrode material film 11 are
applied with the pulses at respective different timings. In the
solid stage image sensor shown in FIG. 4, the charge transfer
is realized in a four-phase driving.

Referring to FIG. 8, there is shown a plan view of a
second embodiment of the solid state image sensor in
accordance with the present invention, which includes a
photoelectric conversion section formed of a buried photo-
diode.

In this embodiment of the solid state image sensor in
accordance with the present invention, a charge transfer
electrode 1 is constituted of a single-layer polysilicon film.
When an etching is carried out for patterning the charge
transfer electrode 1, an etching region is divided into
grooved separation regions 4 for dividing the charge transfer
electrode in a row direction, and regions each located on a
photoelectric conversion section 3. After the etching is
carried out in the regions each located on the photoelectric
conversion section 3, phosphorous is ion-implanted to form
an N-well (not shown) which becomes the photoelectric
conversion section 3, so that the charge reading electrodes
and the photoelectric conversion sections 3 are formed in a
self-alignment. The second embodiment shown in FIG. 8
can be driven with the charge transfer pulses ¢1 to ¢4 as
shown in FIG. 7.

Referring to FIG. 9, there is shown a diagrammatic
section view of a third embodiment of the solid state image
sensor in accordance with the present invention. The shown
embodiment includes a photoelectric conversion section
formed of a buried photodiode.

A method for fabricating the third embodiment of the
solid state image sensor in accordance with the present
invention, will be described with reference to FIG. 9. The
method for fabricating the third embodiment of the solid
state image sensor in accordance with the present invention,
is the same as those of the method for fabricating the third
embodiment of the solid state image sensor, until the steps
shown in FIGS. 5B and 6C where there are formed the
regions 4 for dividing the polysilicon film 11 which becomes
the charge transfer electrode 1, in the row direction.

Thereafter, a patterned photo resist 13 is formed on the
charge transfer electrode 18 which also functions as the
signal charge reading electrode, and by means of a dry
etching using the patterned photo resist 13 as a mask, an
opening 12 is formed through the charge transfer electrode
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18 which also functions as the signal charge reading
electrode, at a position above the photoelectric conversion
section 3.

Furthermore, by an ion implantation using the patterned
photo resist 13 and the charge transfer electrode 1, as a mask,
phosphorus ions (P*) are ion-implanted from an inclined
direction which causes the implanted ions to extend under
the charge reading electrode, so as to form an N-well 14,
which becomes the photoelectric conversion section 3, as
shown in FIG. 9.

Thereafter, in order to form a buried photodiode, boron
ions (B¥) are ion-implanted using the photo resist 13 and the
charge transfer electrode 1 as a mask, to form a P* region 15
(which is not shown in FIG. 9 but corresponds to the P*
region 15 shown in FIG. 5D).

Furthermore, an interlayer insulator film 16 (not shown in
FIG. 9) is formed, and a light blocking or shielding metal
film 17 (not shown in FIG. 9) is formed on the interlayer
insulator film 16 to cover a region other than the photoelec-
tric conversion section 3. Since these steps are the same as
those shown in FIGS. 5D and SE, a drawing is omitted.
Thus, the third embodiment of the solid state image sensor
in accordance with the present invention is obtained.

In the third embodiment of the solid state image sensor in
accordance with the present invention, the N-well 14 of the
photoelectric conversion section 3 extends under the charge
reading electrode. Therefore, when the signal charge is read
out from the photoelectric conversion section 3 to the
vertical charge transfer section 2, no potential barrier occurs
at a region where the charge reading electrode is spatially
contacted to the photoelectric conversion section 3, with the
result that it is possible to reduce the voltage for reading the
signal charge.

Referring to FIG. 10, there is shown a diagrammatic
section view of a fourth embodiment of the solid state image
sensor in accordance with the present invention. The shown
embodiment includes a photoelectric conversion section
formed of a buried photodiode.

A method for fabricating the fourth embodiment of the
solid state image sensor in accordance with the present
invention, will be described with reference to FIG. 10. The
method for fabricating the fourth embodiment of the solid
state image sensor in accordance with the present invention,
is the same as those of the method for fabricating the third
embodiment of the solid state image sensor, until the steps
shown in FIG. 5B and where there are formed the regions 4
for dividing the polysilicon film 11 which becomes the
charge transfer electrode 1, in the row direction.

Thereafter, a patterned photo resist 13 is formed on the
charge transfer electrode 18 which also functions as the
signal charge reading electrode, and by means of a dry
etching using the patterned photo resist 13 as a mask, an
opening 12 is formed through the charge transfer electrode
18 which also functions as the signal charge reading
electrode, at a position above the photoelectric conversion
section 3.

Furthermore, similarly to the third embodiment shown in
FIG. 9, by an ion implantation using the patterned photo
resist 13 and the charge transfer electrode 1, as a mask,
phosphorus ions (P*) are ion-implanted from an inclined
direction which causes the implanted ions to extend under
the charge reading electrode, so as to form an N-well 14,
which becomes the photoelectric conversion section 3, as
shown in FIG. 9.

Thereafter, phosphorus ions (P*) are further ion-
implanted from an opposite inclined direction which causes
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the implanted ions to extend under the side of the transfer
electrode opposite to the charge reading electrode, so that an
N-well 14 is formed as shown in FIG. 10, which becomes
the photoelectric conversion section 3.

After this step, the steps similar to the first embodiment
are carried out. Thus, the fourth embodiment of the solid
state image sensor in accordance with the present invention
is obtained.

In this fourth embodiment, after the phosphorus ions (P*)
are ion-implanted from the inclined direction as shown in
FIG. 9, since the phosphorus ions (P*) are further ion-
implanted from the opposite inclined direction as shown in
FIG. 10, the photoelectric conversion section 3 can be
expanded so that the signal charge amount accumulated in
the photoelectric conversion section 3 can be increased.

Referring to FIGS. 11A to 11G, there are shown diagram-
matic section views for illustrating the method for fabricat-
ing a fifth embodiment of the solid state image sensor in
accordance with the present invention. The shown embodi-
ment includes a photoelectric conversion section formed of
a buried photodiode and has a charge transfer electrode of a
single-layer electrode structure. In FIGS. 11A to 11G, a
photoelectric conversion section 3, a charge transfer section
2 and a transistor section of a peripheral circuit are shown in
a divided form for convenience of the drawing.

Now, the method for fabricating the fifth embodiment of
the solid state image sensor in accordance with the present
invention will be described with reference to FIGS. 11A to
11G.

FIG. 11A shows a condition that a single-layer charge
transfer electrode material film 11 is deposited on a gate
oxide film 10.

First, after a first P-type well 6 and second P-type wells
7 are formed on an N-type semiconductor substrate 5 by
means of a thermal diffusion, phosphorus is ion-implanted to
form the vertical charge transfer section 2. Thereafter, boron
is ion-implanted to form a channel stopper region 9 and an
electric charge reading region 8. The substrate in this con-
dition will be called a P-type semiconductor substrate 19.
hereinafter.

A surface of the P-type semiconductor substrate 19 is
thermally oxidized to form a gate oxide film 10, and a charge
transfer electrode material film 11 formed of polysilicon, is
deposited on the gate oxide film 10 by means of a low
pressure CVD (chemical vapor deposition), as shown in
FIG. 2B. Thereafter, the charge transfer electrode material
film 11 is patterned and divided into individual charge
transfer electrodes (¢1 to $4) 1 which are separated from one
another by grooved separation regions 4, which is clearly
shown in the charge transfer section 12 in FIG. 11A.

A patterned photo resist 13 is formed on the charger
transfer electrode material film 11, and by means of a dry
etching using the patterned photo resist 13 as a mask, an
opening 12 is formed through the charge transfer electrode
(designated with the reference number 1 in the photoelectric
conversion section in FIG. 11B) which also functions as the
signal charge reading electrode, at a position above the
photoelectric conversion section 3, as shown in FIG. 11B. At
this time, a gate electrode is simultaneously etched in the
transistor section of the peripheral circuit. Furthermore, the
gate oxide film 10 is etched to a desired thickness.

Furthermore, phosphorus ions (P*) are ion-implanted
using the patterned photo resist 13 and the charge transfer
electrode 1, as a mask, so as to form an N-well 14, which
becomes the photoelectric conversion section 3, as shown in
FIG. 11C. At this time, source/drain regions (designated
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with the reference number 14 in the transistor section of the
peripheral circuit in FIG. 11C) are simultaneously formed in
the transistor section of the peripheral circuit.

Thereafter, in order to form a buried photodiode, boron
ions (B¥) are ion-implanted using the photo resist 13 and the
charge transfer electrode 1 as a mask, to form a P* region 15,
as shown in FIG. 11D. At this time, the boron ions arc
simultaneously implanted into the source/drain regions (as
designated with the reference number 15 in the transistor
section of the peripheral circuit in FIG. 11D).

All of the gate oxide film 10 exposed in the photoelectric
conversion section 3 and the peripheral circuit are removed
by an etching, and the whole of the device is thermally
oxidized to form an oxide film 21 to cover the whole of the
device, as shown in FIG. 11E.

Succeedingly, in order to form N* regions which become
source/drain regions in the transistor section of the periph-
eral circuit, a patterned photo resist 22 is formed to cover the
photoelectric conversion section 3 and the charge transfer
section 2, and for example, phosphorus ions (P*) are ion-
implanted using the patterned photo resist 22 and the gate
electrode 20, as a mask, so that N* diffused regions 23 are
formed at opposite sides of the gate electrode 20 as shown
in FIG. 11F.

In this process, when the N-well 14 and the P* region 15
are formed in the photoelectric conversion section 3, the
source/drain regions are already ion-implanted. However,
since the dose for forming the N* diffused regions 23 is far
larger than the doses for forming the N-well 14 and the P*
region 15, particularly, the dose of boron for forming the P*
region 15, the N* diffused regions 23 can be sufficiently
formed.

Thereafter, the patterned photo resist 22 is removed, and
an interlayer insulator film 16 is formed as shown in FIG.
11G, and a light blocking or shielding metal film (not
shown) is formed on the interlayer insulator film 16 to cover
a region other than the photoelectric conversion section 3, as
shown in FIG. 5E. Thus, the fifth embodiment of the solid
state image sensor in accordance with the present invention
is obtained.

In the fifth embodiment of the solid state image sensor in
accordance with the present invention, the gate electrode 20
is patterned by the etching in the transistor section of the
peripheral circuit at the same time as the opening 12 is
etched to penetrate through the charge transfer electrode in
the photoelectric conversion section 3, and furthermore,
after the charge transfer electrode material film 11 in the
photoelectric conversion section 3 and the peripheral circuit
is patterned by the etching, the gate oxide film 10 is etched
to the desired thickness. Therefore, it is possible to control
the immersing depth of the implanted ions so that the
photoelectric conversion sections 3 and the N* diffused
regions 23 can easily formed.

Referring to FIGS. 12A to 12G, there are shown diagram-
matic section views for illustrating the method for fabricat-
ing a sixth embodiment of the solid state image sensor in
accordance with the present invention. The shown embodi-
ment includes a photoelectric conversion section formed of
a buried photodiode and has a charge transfer electrode of a
single-layer electrode structure. In FIGS. 12A to 12G, a
photoelectric conversion section 3, a charge transfer section
2 and a transistor section of a peripheral circuit are shown in
a divided form for convenience of the drawing. Furthermore,
the transistor section of the peripheral circuit includes a
transistor having a gate oxide film having a thin film
thickness for elevating a current gain.
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Now, the method for fabricating the sixth embodiment of
the solid state image sensor in accordance with the present
invention will be described with reference to FIGS. 12A to
12G.

FIG. 12A shows a condition that a single-layer charge
transfer electrode material film 11 is deposited on a gate
oxide film 10.

First, after a first P-type well 6 and second P-type wells
7 are formed on an N-type semiconductor substrate 5 by
means of a thermal diffusion, phosphorus is ion-implanted to
form the vertical charge transfer section 2. Thereafter, boron
is ion-implanted to form a channel stopper region 9 and an
electric charge reading region 8. The substrate in this con-
dition will be called a P-type semiconductor substrate 19,
hereinafter.

A surface of the P-type semiconductor substrate 19 is
thermally oxidized to form a gate oxide film 10, and a charge
transfer electrode material film 11 formed of polysilicon, is
deposited on the gate oxide film 10 by means of a low
pressure CVD (chemical vapor deposition), as shown in
FIG. 2B. Thereafter, the charge transfer electrode material
film 11 is patterned and divided into individual charge
transfer electrodes (¢1 to $4) 1 which are separated from one
another by grooved separation regions 4, which is clearly
shown in the charge transfer section 2 in FIG. 12A. In the
transistor section of the peripheral circuit, at this time, a gate
electrode 25 is simultaneously patterned by an etching in a
transistor having a thin gate oxide film 24, as shown in FIG.
12A.

A patterned photo resist 13 is formed on the charge
transfer electrode material film 11, and by means of a dry
etching using the patterned photo resist 13 as a mask, an
opening 12 is formed through the charge transfer electrode
(designated with the reference number 1 in the photoelectric
conversion section in FIG. 12B) which also functions as the
signal charge reading electrode, at a position above the
photoelectric conversion section 3, as shown in FIG. 12B. In
the transistor section of the peripheral circuit, at this time, a
gate electrode 20 is simultaneously etched in a transistor
section having the gate oxide film having the same thickness
as that of the oxide film 10 on the charge transfer section 2,
as shown in FIG. 12B. Furthermore, the gate oxide film 10
is etched to a desired thickness.

Furthermore, phosphorus ions (P*) are ion-implanted
using the patterned photo resist 13 and the charge transfer
electrode 1, as a mask, so as to form an N-well 14, which
becomes the photoelectric conversion section 3, as shown in
FIG. 12C. At this time, source/drain regions (designated
with the reference number 14 in the transistor section of the
peripheral circuit in FIG. 12C) are simultaneously formed in
the transistor section having the gate oxide film having the
same thickness as that of the oxide film 10 on the charge
transfer section 2.

Thereafter, in order to form a buried photodiode, boron
ions (B") are ion-implanted using the photo resist 13 and the
charge transfer electrode 1 as a mask, to form a P* region 15,
as shown in FIG. 12D. At this time, the boron ions are
simultaneously implanted into the source/drain regions (as
designated with the reference number 15 in the transistor
section having the gate oxide film having the same thickness
as that of the oxide film 10 on the charge transfer section 2,
in FIG. 12D).

All of the gate oxide film 10 exposed in the photoelectric
conversion section 3 and the peripheral circuit are removed
by an etching, and the whole of the device is thermally
oxidized to form an oxide film 21 to cover the whole of the
device, as shown in FIG. 12E.
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Succeedingly, in order to form N* regions which become
source/drain regions in the transistor section of the periph-
eral circuit, a patterned photo resist 22 is formed to cover the
photoelectric conversion section 3 and the charge transfer
section 2, and for example, phosphorus ions (P*) are ion-
implanted using the patterned photo resist 22 and the gate
electrodes 20 and 25, as a mask, so that N* diffused regions
23 are formed at opposite sides of each of the gate electrodes
20 and 25 as shown in FIG. 12F.

In this process, when the N-well 14 and the P* region 15
are formed in the photoelectric conversion section 3, the
source/drain regions are already ion-implanted in the tran-
sistor section having the gate oxide film having the same
thickness as that of the oxide film 10 on the charge transfer
section 2. However, since the dose for forming the N*
diffused regions 23 is far larger than the doses for forming
the N-well 14 and the P* region 15, particularly, the dose of
boron for forming the P* region 15, the N* diffused regions
23 can be sufficiently formed.

Thereafter, the patterned photo resist 22 is removed, and
an interlayer insulator film 16 is formed as shown in FIG.
12G, and a light blocking or shielding metal film (not
shown) is formed on the interlayer insulator film 16 to cover
a region other than the photoelectric conversion section 3, as
shown in FIG. 5E. Thus, the sixth embodiment of the solid
state image sensor in accordance with the present invention
is obtained.

In the sixth embodiment of the solid state image sensor in
accordance with the present invention, the gate electrode 25
is patterned by the etching in the transistor section having
the thin gate oxide film 24 at the same time as the charge
transfer electrode material film 11 is patterned by the etching
to form the individual charge transfer electrodes (¢p1 to ¢p4)
1 which are separated from one another by the grooved
separation regions 4. This etching is carried out in a condi-
tion that the gate oxide film 10 is almost not etched, and
therefore, the thin gate oxide film 24 is never etch-removed
to the effect that the underlying silicon substrate is exposed.

Furthermore, the gate electrode 20 in the transistor section
having the gate oxide film having the same thickness as that
of the oxide film 10 on the charge transfer section 2 at the
same time as the opening 12 is etched to penetrate through
the charge transfer electrode in the photoelectric conversion
section 3, and in addition, after the charge transfer electrode
material film 11 in the photoelectric conversion section 3
and the peripheral circuit is patterned by the etching, the gate
oxide film 10 is etched to the desired thickness. Therefore,
it is possible to control the immersing depth of the implanted
ions so that the photoelectric conversion sections 3 and the
N™ diffused regions 23 can easily formed.

In the above mentioned embodiments, the charge transfer
electrodes 1 arc formed by patterning a single layer of
polysilicon by means of the etching. However, it would be
a matter of course to averaged persons skilled in the art that
the charge transfer electrodes 1 can be formed of a metal film
or a silicide film. In addition, the P-well is formed on the
N-type semiconductor substrate, and the N-well becoming
the photoelectric conversion section is buried in the P-well.
However, the conductivity type can be reversed.

As mentioned above, in the solid state image sensor
having the charge transfer electrode of the single-layer
structure, the charge transfer electrode material film 11 is
deposited on the whole surface of the device, and then
patterned into the charge transfer electrodes 1 (¢p1 to ¢4)
which, in turn, are separated from one another by the
grooved separation regions 4, for each one pixel. Therefore,



US 6,784,015 B2

15

the opening 12 (for forming the photoelectric conversion
section) is formed in the charge transfer electrode 18, of the
charge transfer electrodes 1 (1 to ¢4), which also functions
as a signal charge reading electrode for reading a signal
charge from the photoelectric conversion section 3 to the
vertical charge transfer section 2, without overlapping with
the grooved separation regions 4. Furthermore, the ions are
implanted using the photo resist 13 used for forming the
opening 12 and the charge transfer electrodes as a mask.
Thus, the photoelectric conversion section and the signal
charge reading electrode can be formed with no positional
deviation therebetween, so that it becomes possible to sta-
bilize a reading characteristics for reading a signal charger
from the conversion section 3 to the vertical charge transfer
section 2.

The invention has thus been shown and described with
reference to the specific embodiments. However, it should
be noted that the present invention is in no way limited to the
details of the illustrated structures but changes and modifi-
cations may be made within the scope of the appended
claims.
What is claimed is:
1. A method for fabricating a solid state image sensor
which comprises a plurality of photoelectric conversion
sections formed at a surface region of a first conductivity
type semiconductor layer, a charge transfer section of a
second conductivity opposite to that of said first conductiv-
ity type semiconductor layer, said charge transfer section
being formed in said surface region of said first conductivity
type semiconductor layer, adjacent to said photoelectric
conversion sections, to transfer a signal charge along said
charge transfer section, a plurality of charge reading sections
each formed in said surface region of said first conductivity
type semiconductor layer, between a corresponding one of
said photoelectric conversion sections and said charge trans-
fer section, for reading out a signal charge generated in the
corresponding photoelectric conversion section, to said
charge transfer section, and tranfer electrodes formed of a
single layer of conducting electrode material to cover
through a gate insulator film said charge reading sections
and said charge transfer section, the method including the
steps of:
forming said single layer of conducting electrode material
through said gate insulator film on a surface of said first
conductivity type semiconductor layer;

etch-patterning said single layer of conducting electrode
material for dividing said single layer of conducting
electrode material in a row direction at a plurality of
first regions;

forming a patterned mask to cover said first regions and

said single layer of conducting electrode material but to
expose said single layer of conducting electrode mate-
rial at a second region above each of said photoelectric
conversion sections;
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selectively etch-removing said single layer of conducting
electrode material using said patterned mask as a mask;
and

removing said patterned mask.

2. A method for fabricating a solid state image sensor
claimed in claim 1, wherein after said single layer of
conducting electrode material is selectively etch-removed
using said patterned mask as the mask, a first conductivity
type impurity and a second conductivity type impurity are
ion-implanted using said patterned mask and said single
layer of conducting electrode material as a mask, to form
said photoelectric conversion section.

3. A method for fabricating a solid state image sensor
claimed in claim 1, wherein after said single layer of
conducting electrode material is selectively etch-removed
using said patterned mask as the mask, a first conductivity
type impurity and a second conductivity type impurity are
ion-implanted using said single layer of conducting elec-
trode material as a mask, to form said photoelectric conver-
sion section.

4. A method for fabricating a solid state image sensor
claimed in claim 1, wherein after said single layer of
conducting electrode material is selectively etch-removed
using said patterned mask as the mask, a second conductiv-
ity type impurity is ion-implanted using said patterned mask
and said single layer of conducting electrode material as a
mask, and a first conductivity type impurity is ion-implanted
into a surface region of the second conductivity type impu-
rity region in a self alignment, using said charge transfer
electrodes as a mask.

5. A method for fabricating a solid state image sensor
claimed in claim 1, wherein after said single layer of
conducting electrode material is selectively etch-removed
using said patterned mask as the mask, a second conductiv-
ity type impurity is ion-implanted using said single layer of
conducting electrode material as a mask, and a first conduc-
tivity type impurity is ion-implanted into a surface region of
the second conductivity type impurity region in a self
alignment, using said charge transfer electrodes as a mask.

6. A method for fabricating a solid state image sensor
claimed in claim 2, wherein said second conductivity type
impurity is ion-implanted from an inclined direction, so that
the second conductivity type impurity region is formed to
extend under said charge transfer electrode, but in a self
alignment with but separately from a transfer electrode end
of said charge reading section.

7. A method for fabricating a solid state image sensor
claimed in claim 2, wherein said first conductivity type
impurity is ion-implanted from an inclined direction, so that
the first conductivity type impurity region is formed in a self
alignment with but separately from a transfer electrode end
of said charge reading section.



